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OXAZOLIDINONE DERIVATIVES AS ANTIBACTERIAL AGENTS 

The present invention relates to novel oxazolidinone derivatives usefiiLas 

antibacterial agents, and to their preparation. 

S ince the discovery of penicillin, pharmaceutical companies have produced more 
than a hundred antibacterial agents and antibiotics to combat a wide variety of bacterial 
infections. The major classes of antibacterial agents are p -lactams (including penicillins, 
cephalosporins, monobactams, carbapenems), aminoglycosides, tetracyclines, 
sulphonamides, macrolides (such as erythromycin), quinolones and glycopeptides (e.g. 
vancomycin). By the 1 980s, with the use of these antibacterial agents, approved sanitary 
conditions and the extensive refrigeration of food, it was believed that industrialized 
nations had won the war against pathogenic microbes. However, in the past several 
years, the rapid emergence of bacterial resistance to antibiotics has been observed. The 
"extensiveuse (and misuse)." ? antibiotics has provided ^powerfa^forces€o^tileseleetion of-- 
microbes that either carried mutations conferring resistance, or had the enhanced ability 
to mutate to resistance in the face of the antibiotic. Bacteria have mutated or have 
acquired new genes producing new ways to overcome the action of many antibiotics. In 
recent years, many new antibiotic-resistant strains have been isolated from patients 
throughout the world. 

The emergence of bacterial resistance to a number of antimicrobial agents such as 
P -lactam antibiotics, macrolides, quinolones and vancomycin is becoming a major 
worldwide health problem. Particularly alarming is the emergence of Staphylococcal 
strains with reduced susceptibility to vancomycin, the so-called vancomycin glycopeptide 
intermediate strains (VISA or GISA). Thus, the search for novel potent broad spectrum 
antibacterial agents is being fervently pursued by pharmaceutical houses worldwide. 

The totally synthetic oxazolidinones typified by eperezolid ( 1 ) and linezolid (2) 
are one such class of antibacterial agents with potent activity against gram-positive 
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- orgarusms-including MRS A, MRSE and^VRE^They have been shown to selectively and 

~ uniquely^ bind-to^the SOS ri^ 

initiation phase of protein synthesis (Lin etal,. 1997, Antimicrob. Agents Chemother. (41) 
2127-213 1 and Shinabarger et al 1997, Antimicrob. Agents Chemother. (41) 2132-2136). 




2 



In addition, single step selection studies have demonstrated that eperezolid and linezolid- 
resistant mutants develop with a very low spontaneous mutation frequency of <10" 9 
-amonir^lected-sta^ 
Chemother. (40) 839-854). 

We have realised that oxazolidinones have excellent potential to address the imminent 
critical need for new antibacterial agents. Using a predictive three-dimensional 
quantitative structure-activity relationship (3D-QSAR) model employing the genetic 
function approximation algorithm (GFA) in Cerius2, which we developed, we have 
designed and synthesized novel oxazolidinone compounds useful as antibacterial agents. 
In particular, we have made some new oxazolidinone derivatives which improve upon the 
properties of linezolid and eperezolid useful as antibacterial agents. 

According to the present invention there is provided a compound of the general 

formula 
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o 

X. 



R 1 — N' "O. 



R 2 



wherein R 1 comprises at least one substituted or unsubstituted phenyl group and at least 
one substituted or unsubstituted unsaturated heterocyclic group having two or more 
heteroatoms; and R 2 is an alkylidene, alkyl, halogen, alkanoyloxy, phosphate, substituted 
liryl'sulp^nWraTnTfnoTii iim , or imid e- g r u u p, a sa turated orunsaturated-heterocycleril— 
OR 3 , N 3 or NHR 4 , 

wherein R 3 = H, C,-C 4 alkyl, S0 2 (C,-C 4 ) alkyl 

R 4 = H, C,-C 4 alkyl, C (= 0)(C,-C 4 ) alkyl. 
According to the present invention there is also provided a method of making a 
compound of the general formula 

O 
11 

- • - v <V - - - - - - -- 

which method comprises the steps of deprotonating a carbamate of formula R 1 - 
~"NHCOQCHiC H 3 , wherein K l i s-as-defined- above; — and-reacting-the-deprotonated- 
carbamate with an (R)-glycidyl ester to produce a compound of formula 

O 

and optionally converting the OH group to OR 3 , N 3 or NHR 4 wherein R 3 is C,-C 4 alkyl or 
S0 2 (C r C 4 )alky 1 and R 4 is as defined above. 

Preferred compounds of the invention, include those of formula 

O 

X. 



R i N O u 




1 
R 



wherein R 1 comprises a phenyl group condensed with an unsaturated heterocyclic group, 
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Preferably, R 1 comprises a group of formula 

. H ■ 

In a further preferred embodiment of the invention, R 1 comprises 

H 

_ sH_._ I />:—:.. : 

whereinR 5 is H 3 CH 2 CH 2 CS-, Cv^^L^/orH — 

O 

In an alternative preferred embodiment of the invention, R 1 comprises a phenyl 
group and an unsaturated heterocyclic group which are not condensed. 

Preferably, the phenyl and unsaturated heterocyclic groups of R 1 are separated 
by an NHS0 2 group. Examples of such Rlgroups include those represented by the 
formula 



R^— NHS0 2 — ■ 




wherein R 6 can be 




0- JO. 
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As described above, the method of the present invention produces a compound of 
formula 



O 




wherein R 2 is -OH and R 1 is as defined above. 

According to the method of the present invention, the (5R)-(hydroxymethyl)-2- 

oxazolidinone of formula 

O 




OH 



can be produced by deprotonating the carbamate of formula R l -NHCOOCH 2 CH 3 with, 
for example, sodium methoxide and reacting Hie deprotonated carbamate with an (R)- 
glycidyl ester. The carbamate can be produced from its corresponding amine of formula 
R'-NHj by reaction with ethylchloroformate. The use of ethyl chloroformate and sodium 
methoxide, instead of benzyl chloroformate and butyl lithium, has made production of the 
(5R)-(hydroxymethyl)-2-oxazolidinone economical. 
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To give further compounds of the invention, the R 2 group of the (5R)- 
-<hydroxymetfe^l)=2=oxazolidinone can be converted,.independeatly_of th^R^grcmp ,.frora. 
____OH4ojOR 3 ^^ 



C r C 4 alkyi or C(=0)(C r C 4 )alkyl. This conversion proceeds by means of a step-wise 
process, as set out in Scheme 1 . 

Scheme I 

o 

: : 

R L_ nh 2 a >. R— NHCOOCH 2 CH 3 — ^— ► R L N 9 



o 

x 



0(C r C 4 )aIkyl 




I 

R - N w° 

x S^OSC^CrC.Oalkyl 



NH(C r C 4 )alkyl 



With reference to Scheme 1 : The produced compound of formula 

O 

,1 x T /"s 



R l N O 



H 




OH 



can be alkylated to produce a compound of formula 

O 



R ■ J.* 



(step c) 



0(C,-C 4 )alkyl 
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"Alternatively, reaction of a compoundof-formttia-- 

O 




with an alkanesulphonyl chloride converts th e alcohol to a salt of formula 



O 



,1 x T A 

...H 

,OS0 2 (C 1 -C 4 )alkyl 



R N O (step d) 




The alky lsulphonate can be displaced by reaction with an azide such as NaN 3 to produce 
an azide of formula 

A 

R'-N O h (stepe) 

— ^ — - ^v^- — 

The Nj group of this latter compound can be converted to an amine group by catalytic 
hydrogenation (step f). 

The resultant amine of formula 



O 
Jl 

,NH 2 




can 



be acetylated by, for example, treatment with acetic anhydride and pyridine, to 
produce a 5-(acetamidomethyl)-2-oxazolidinone of formula 
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(step 1) 

NHC(= 0)(Ci-C 4 )a3kyl 

Alternatively, the amine can be alkylated to produce a compound of formula 

O. 



R l N O (steph) 

,NH(Ci-C 4 )aIkyl 

In order to further illustrate the invention without limiting its scope, the following 
Examples are given: 

Examples 

The compounds VMRG 1 through VMRG 19 were synthesised as described below 
and are shown in Table 1. Melting points were determined in capillary tubes and are 
uncorrected. Infrared spectra was recorded in KBr disks with Buck Scientific M-500 
spectrophotometer and are'reported in reciprocal centimeters. ! H-NMR spectra were" 
determined in the indicated solvent on a Varian 60 MHz NMR spectrometer and are 
" reported Th^ unlts (pa r ts per million downfield from tetramethyl silane as the-internal 



lOJJVlV^Vl 111 V* uiiiw Vi^ w ~~ I 

reference). Splitting patterns are designated as follows: s, singlet; d, doublet; t , triplet; 
q, quartet; m, multiplet; br, broad. Thin layer chromatography was performed on pre- 
dated aluminium sheets coated with Silica Gel 60 F^, 0.2 mm thickness. 

Synthesis of 2-carboethoxyamino-5-(propylthio)beiizimidazole: 

To a solution of 5 g (0.022M) of 2-amino-5-(propylthio)benzimidazole and 3.7 g 
(0.044M) of sodium bicarbonate in 100 ml of acetone and 50 ml of water at 0° C was 
added 3.78 g (0.033M) of ethyl chloroformate. After stirring the mixture for 2 hrs, the 
mixture was poured on to 500 cc of ice and water and the ice allowed to melt The 
precipitated solid was collected by filtration and washed with water and dried in vacuum 
oven at 60° C to give a white solid (5.87 g). The product was utilized without purification 
for the next reaction. 
Yield = 87.09% 
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Synthesis of (R) : N-[^ 



(VMRG 1): 

In a 500 ml 3 -necked flask fitted with a mechanical stirrer, a reflux condenser and a 
thermometer pocket 2.90 g (0.053 8M) of sodium methoxide was dissolved in 100 ml of 
methanol cooled to 0° C To this solution 5 g (0.01 79M) of 2-carboethoxyamino-5- 

^rapy4tMo)benzimida a3le wa s added at 0°C and stirred for 20 min. To this 3.88 g 

(0.0269M) of R-glycidyl butyrate was added and after 1 hour the flask was removed from 
the ice-bath. The temperature was gradually raised and the reaction mixture was refluxed 
for 4 hours. It was then cooled to room temperature. To this 1 00 ml of saturated aqueous 
ammonium chloride was added followed by 100 ml of water. A pale pink coloured solid 
was precipitated. The mixture was filtered and- washed with water. It was 
chromatographed on silica using as eluant a gradient increasing in polarity from 0 to 5% 
methanol in chloroform to give (R)-N-[3-[5-(propylthio)benzimida Z olyl]-2-oxo-5- 
oxazolidinyl]methanol, 3.74 g (67.94 %). 
n^Tfegpbiritn68 -170°C 
l H-NMR(DMSO-c/d) 5 1 .00 (t, 3H, CH 3 ); 1 .3-1 .8 (sextet, 2H, CH 2 ); 2.9 (t, 2H, CH 2 ); 3.8 
(s, ? F, ring CH 2 ); 4.2-4.3 (3HU CH 2 and OH me rged); 4.8 (m, 1H, ring CH ); 7. 1- 7.6 (m, 
3H, aromatic H) I. R. 3332.6 (br, -OH stretching), 3119.8 (aromatic CH stretching), 
1678.7 (ring C=0) . 
Mass 307 

Rf = o.54 (1 0: 1 Chloroform/methanol, v/v) 

Synthesis of (R)-N- [3-(5-(propylthio)benzimidazolyll-2-oxo-oxazolidinyl]methane- 
sulphonate (VMRG 2): 

To a solution of 2 g (0.0065 M) of (R)-N-[3-[5-(propylthio)ben2:imidazolyl]-2-oxo-5- 
oxazolidinyl]methanol and 0.66 g (0.0065 M) of triethylamine in 25 ml of methylene 
chloride at 0°C under nitrogen, 0.89 g (0.0073 M) of methanesulphonyl chloride was 
added over 5 minutes. The mixture was allowed to stir at 0°C for 30 minutes, then 
allowed to warm to ambient temperature. The reaction mixture was stirred at 40°C for 4 
hours. The reaction mixture was cooled to room temperature and then slowly poured on 
to crushed ice. The precipitated solid was filtered. The filtrate was extracted with ethyl 
acetate. The ethyl acetate layer was washed with brine solution, dried over anhydrous 
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sodium sulphate and the solvent removed under reduced pressure to give a brown 
coloured solid. The mixture was purified by"chromatography on a silica gel column, 
eluting with a gradient of 5-10% chloroform/methanol (v/v); the combined^proper 
fractions gave a cream colored crystalline powder, 1.36 g (54.23 %). 
Melting point: 152-1 54°C 

'H-NMR(DMSO-<tf) 5 1.00 (t, 3.H, CH 3 ); 1.3-1.8 (sextet, 2H, CH 2 ); 2.8 (t, 2H, CH 2 ); 
■^(s^H^CHa); 3.6 (m, -4H, CH 2 ),.4,0 (1H, rin g CH ); 7.1-7J .(m^H,_.arpmatic,|jQ 
I.R 3375.1 (aromatic CH stretching), 1751.8 (ring C=0), 1411.3 and 1241 (SO z 
stretching) 
Mass 385 

Rf = 0.68 (Chloroform) 

Synthesis of (R)-N-[3-l5-(propylthio)benzimidazolyl]-2-oxo-5-oxazolidinyllmethyl 
azide (VMRG 3): 

To a solution of 1 G (0.0026 M) of (R)-N-[3-[5-(propylthio)benzimidazolyl]-2-oxo-5- 
oxazolidinyl]methanesulphonate in 20 ml of dimethylformamide 0. 1 86 g (0.00286 M) of 
sodium azide was added and the mixture heated at 85 °C for 8 hours. The mixture was 
cooled and poured into crushed ice. The precipitated solid was filtered and dried in a 

vacuum oven. 

Melting point: 88-90 °C 

'H-NMR(DMSO-</<5) 8 1.00 (t, 3H, CH 3 ); 1 .5-2.0 (sextet, 2H, CH 2 ); 3.0 (t, 2H, CH 2 ); 
3.7 (s, 2H, ring CH 2 ); 4.2 (t, 2H, CH 2 ); 4.9 (m, 1H, ring CH); 7.0^7.6 (m, 3H, 
aromatic H) 
Mass 332 

Rf = 0.77 (10:1 Chloroform/methanol, v/v) 

Synthesis of (S)-N- [3-[S-(propylthio)benzimidazolyl]-2-oxo-5-oxazolidinyI]methyl 
acetamide (VMRG 4): 

To a solution of 0.920 g (0.0028 M) of (R)-N-[3-[5-propylthiobenzimidazolyl]-2-oxo-5- 
oxazolidinyljmethyl azide (the crude product. was used without purification) in 100 ml 
ethyl acetate 0.1 g of 10% palladium/carbon was added. The flask was evacuated and 
filled with nitrogen. It was then evacuated and filled with hydrogen. The mixture was 
then stirred at 50°C under 50 psi pressure for 24 hours. This reaction was carried out 
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using a Parr hydrogenator device. The reaction mixture was filtered, washing the residue 
"with ethyTlicetate. The filtrate was concentrated"under vacuo" to give a brown gummy 
solia' (0.850'g;" 0.0028 1^. This -was dissolved^ 

(0.0028 M) pyridine and 0.280 g (0.0028 M) acetic anhydride was added and stirred at 
room temperature for 4 hours. The reaction mixture was washed with brine. The organic 
layer was dried over anhydrous sodium sulphate and concentrated under reduced pressure 
to give a bro wn gummy solid. The mixture was purified by chromatography on a silic a 
gel column, eluting with a gradient of 5-10 % chloroform/methanol , (v/v); the combined 
proper fractions gave a cream colored solid 0.7 g (72.39 %). 
Melting point: 1 1 2- 1 14 °C 

l H~NMR(DMSO-</<5) 5 0.9 (t, 3H, CH 3 ); 1.5 (2H, CH 2 ); 1.9 (m, 2H, CH 2 ); 2.6 (3H, 
CH 3 ); 3.5 (2H, CH 2 ), 4.2 (2H, CH 2 ); 4.8 (1H, CH); 7.3 (m, 3H, aromatic H); 1 1.0 (s, 
1H,NH) 

I.R. 3375.1 (NH stretching), 3271.8 (aromatic CH stretching), 1739.5 (amide C=0), 
1654.5 (ring C=0) 

- -Mass-348 - 

Rf= 0.51 (lO.TChoroform/methanol, v/v) 

Compounds VMRG 5-VMRG 19 were synthesized as above. The melting point of these 
compounds is reported in Table I. 
Biological Evaluation 

The compounds (VMRG 1- VMRG 19) were screened for antibacterial activity, against 
Staphylococcus aureus ATCC 29213. The biological activity data is summarised in 
Table 1. 

A stock solution of the compound was prepared using dimethyl sulphoxide and sterile 
water. The volume of dimethyl sulphoxide used, varied from 0.1 ml to 0.5 ml depending 
upon the solubility of the compound. The concentration of the stock solution was 1000 
ug/ml. Different dilutions of the sample solution were prepared by serial dilution of the 
stock solution. TO 9 ml of sterile nutrient broth taken in a test tube, 1 ml of sample 
solution was added followed by 0.1 ml of Staphylococcus aureus ATCC 29213 culture 
(corresponding to 5xl0 5 CFU/ml). The compounds were tested at 100, 10, 1 and 0.1 
ug/ml concentrations in duplicate. The tubes were incubated at 37 °C for 48 hours. A set 
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of negative and positive control of growth was also kept for incubation along with the 
"sample tubes^In the tube~for negative 



lhe~sampTe sofuFon andlTo culture was aaaed^Mie trrthe tube representing inaxitnum- 
growth (positive control) 1 ml of sterile water was added followed by 0.1 ml of the 
culture. The optical densities of the solutions were measured using negative control as the 
blank at X 490 and 520, after 24 and 48 hours of incubation. Minimum inhibitory 

^eentffltion-was-taken-as-me. minirnum concentration of the compound at which the 



optical density is the same as the negative control indicating complete inhibition of 

growth. 
Summary 

Compounds of the invention show promising antibacterial activity. They thus represent 
new leads in the search for new antibacterial agents, and warrant further study. 
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Table I: Structures, Melting point and biological activity data of the compounds synthesized 



Ri N O 




Compound 
Name 



VMRG1 



VMRG2 



VMRG3" 



H3CH2CH; 



.R 2 _ 



-OH 




HjCHiCH: 




VMRG4 



VMRG5 





-OS0 2 CH 3 



__Melting 



Point °C 



168-170 



152-154 



-N 3 



-NHCOCH3 



-OH 



88-90 



112-114 



120-122 



JBiologicaL 



Activity a 



< 1 jig/ml 



< 1 ng/ml 



>100 pg/ml 



>100 jjg/ml 



< 1 ug/ml 
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VMRG6 



14 



H 




-OSO2CH3- 



H 



VMRG7 



VMRG8 



VMRG9 



VMRG10 




co- 



co- 





•NHCOCKfe 



-OH 



-OSO2CH3 



-NHCOCH3 



190=192 



>100-|jgft 



154-156 



194-196 



212-214 



174-176 



£ 100 ng/ml 



> 100 jig/ml 



> 100 jjg/ml 



> 100 jjg/ml 



Rf — -NHSOf 




Compound 
Name- 


Ri 


Rz 


Melting 
Point °C 


Biological 
Activity 


VMRG11 




-OH 


232-235 


< 1 jag/ml 
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OSOiCHj 


-^218-220 — " 








VMRCt 12 




>10Q-pg/ml7- - " 






VMRG13 


HaC. 

o 




-NHCOCH3 


162-164 


> 100 fig^ml 


J 


VMRG14 


1 


C 


X 


-OH 


220-222 


> 100 jog/ml 


•• 


VMRG15 




c 


X 


-U 0 KJ 2^X13 














-NHQOCH3 






- — 


VMRG16 






158-160 


> 100 pg/ml 






1 H3C' ^N' 










VMRG17 




-OH 


>230 


Not active at 
100 fig/ml 




VMRG18 




-OSO2CH3 


>230 


> 100 jig/ml 


VMRG19 


1 o~ 


-NHCOCH3 


198-200 


> 100 jig/ml 





11 Minium inhibitory concauration detemiined by tube dilution method on Staphylococcus aureus 
ATCC 29213. MIC of LinezoKd by mis method was found to be lug/ml. 
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A compound of the ge neral formula _ 

O 

X 
R, - N /> 




-wHergnT K. coinpri ses^Heast^nesubstitated^ 
one substituted or unsubstituted unsaturated heterocyclic group having two or more 
heteroatoms; and R 2 is an alkylldene, alkyl, halogen, alkanoyloxy, phosphate, substituted 
aryl sulphonate, ammonium, or imide group, a saturated or unsaturated heterocycle, H, 
OR 3 ,N 3 orNHR 4 , 

wherein R 3 = H> C r C 4 alkyl, S0 2 (C,-C 4 ) alkyl 

R 4 .= H, C,-C 4 alkyl, C (= 0)(C r C 4 ) alkyl. 

_ 2 A compound according to claim 1 , whe rein R 1 comprises a phenyl group 



condensed with an unsaturated heterocyclic group. 



A "compound according to claim 2, wherein R l comprises" a group of formula- 



H 
\ 



CO- 



A. A compound according to claim 1, 2 or 3, wherein R is 
wherein R 5 is H 3 CH 2 CH 2 CS-, 




orH- 



WO 03/011859 



PCT/GB02/03404 



17 



5; A- compound ac«ifding : to claim 1,- wherein Uic phenyl group and the unsaturated, 
~^~~hitiiceQ^fS^&a^6f^^^ condensed; - 

6. A compound according to claim 5, wherein the phenyl group and the unsaturated 
heterocyclic groups of R 1 are separated by an -NHSO* , group. 

7 A compound according to cla im S o r 6, wherein R 1 - has the formula: 



R.6— HltSOz 
wherein R 6 is 

HA 








BjOO, 



6c 




O ' 

x or 



or 




OCKj 
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8: A method of making a compound according to claim 1 , which method comprises 
— the^teps-ofi- 



^prbtonating -a-carbamate of formula R'N 



claim 1 , and reacting the deprotonated carbamate with an (R)-glycidyl ester to produce a 
compound of formula: 



and optionally converting the OH group to OR 3 , N 3 or NHR 4 
wherein R 3 = C r C 4 alkyl,S0 2 (C r C 4 )alkyl 

R 4 = H, C,-C 4 alkyt,C(= 0)(C,-C 4 )alkyl. 

9. A method according to claim 8, in which said carbamate is produced by 
reacting an amine of formula R'-NH* wherein R 1 is the same as in said carbamate, with 
ethy Ichloroformate. 



10. 



A method according to claim 8 or 9, in which said compound of formula 



O 
11 

R 1 — 1^1 O 




OH 



is alkylated to produce a compound of formula 

O 

A 



R- N O 




0(C ( -C4)alkyl 



A method according to claim 8 or 9, "in which said compound of formula 
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r'z^-n — a 



,H 




OH 



is reacted with alkanesulphonyl chloride (e.g. methanesulphonyl chloride) to produc 
compound of formula 




PS0 2 (C|-C 4 )aIkyl 



1 2. A method according to claim 1 1 , in which said compound of formula 




is 



13. A method according to claim 12, in which said compound of formula 




is reduced to a compound of formula 
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20- 




14. A method according to claim 13, in which said compound of formula 




•H 



i3 acctylalcd to produce a compound of formula 



V \\^NHC(=0)(C< COalkyl 



l5 A method according to claim 13, in which said compound of formula 



i> — iAp 



is alkylated to produce compound of formula 




CdalkyJ 
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